SYNOPSIS The incidence of megaloblastic anaemia in pregnancy and the puerperium in north Staffordshire has steadily declined as a result of prophylaxis with folic acid. In the presence of advanced folic acid deficiency and with a florid megaloblastic marrow, the anaemia is usually severe, but in many patients the disease is relatively mild and the degree of anaemia is determined more by blood loss or associated iron deficiency than by the megaloblastosis.
The advent of modern methods in the diagnosis of vitamin B12 and folic acid deficiency during the last decade has led to a better understanding of the megaloblastic anaemias. One of the most important advances in this field has been the observation by Chanarin, MacGibbon, O'Sullivan, and Mollin (1959) that most women become folic-acid-deficient in late pregnancy. This discovery provided an explanation for the high incidence of megaloblastic anaemia in pregnancy and the puerperium, a disease which has been the subject of a long-term study in north Staffordshire. Since 1957 well over 1,000 cases of anaemia in pregnancy have been investigated in this hospital. The present paper summarizes the findings in 335 cases of megaloblastic anaemia which have been diagnosed since the investigation began, and an attempt is made to explain the aetiology of the disease in the light of the experience gained during the last eight years.
METHOD OF INVESTIGATION
The investigation was conducted on the same lines as described in an earlier communication (Giles and Shuttleworth, 1958) . Diagnosis was based on marrow aspiration in all but 10 cases where classical megaloblasts were found in the peripheral blood. Laboratory studies also included repeated haemoglobin estimations, blood and reticulocyte counts, serum iron estimations (Ramsay,the serum folate level (Baker, Herbert, Frank, Pasher, Hutner, Wasserman, and Sobotka, 1959; Waters and Mollin, 1961) were determined in every case. Labile folate levels were estimated according to the method of Ball and Giles (1964) . Folic acid absorption was determined by a modification of the method described by Chanarin, Anderson, and Mollin (1958) and Chanarin et al. (1959) , using Lactobacillus casei instead of Streptococcus faecalis as the test organism.
CLASSIFICATION OF MEGALOBLASTIC ANAEMIA
The appearance of the bone marrow in megaloblastic anaemia in pregnancy varies, according to the degree of folic acid depletion, from florid megaloblastosis to minimal changes in both erythroblasts and myeloid cells (Dawson, 1962) and provides a convenient method of classification, which has already been described elsewhere (Giles, 1960; Ball and Giles, 1964) . Table I In view of the high incidence of megaloblastic anaemia of pregnancy in north Staffordshire (Giles and Shuttleworth, 1958) , it was decided in 1958 to administer folic acid prophylactically during the last trimester of pregnancy to every alternate woman attending the hiospital antenatal clinics (Giles and Burton, 1960) . When a 12 months' trial had demonstrated the success of this regimen, all antenatal patients were given prophylactic folic acid from 1959 onwards.
Consequently, megaloblastic anaemia completely disappeared among the regular attenders at the hospital antenatal clinics. With the passage of years an increasing number of general practitioners also began to dispense folic acid to their patients, and the disease is now becoming relatively uncommon in this area. This is illustrated in Fig. 1 (Table III) not all cases conformed to this pattern. Ten patients with florid megaloblastic anaemia had haemoglobin levels above 60%0 and in seven cases with grade 1 megaloblastosis it was below 40%. The severity of the anaemia in any given case, therefore, depends not only on the degree of folic acid depletion but also on the amount of blood loss associated with confinement, which is often underestimated. Haemoglobin levels certainly tended to be lower when the analysis of 58 healthy members of the hospital staff and of 170 pregnant women with normoblastic marrows. The mean serum folate of all normoblastic pregnancies was 3-6 m,tg. per ml., which is significantly lower (P < 0 01) than that of the healthy controls and is also significantly above the mean folate level in cases of megaloblastic anaemia (P < 0 01). Moreover there was a good correlation between mean folate levels and the degree of megaloblastosis. No cases of normoblastic anaemia had a serum folate below 1-5 m,tg. per ml., and in megaloblastic anaemia of pregnancy no folate levels above 2-4 m,ug. per ml. were encountered. Between these two values, however, there was an overlap, which is illustrated in Figure 4 .
In order to improve the sensitivity of the test, the labile folate was estimated by th-method of Ball and Giles (1964) . Labile folate has been identified as 5-methyl-tetrahydrofolic acid (Herbert, Larrabee, and Buchanan, 1962; Herbert, 1964) Megaloblastic anaemia in pregnancy and the puerperium is in practice always due to a deficiency of folic acid (Lowenstein, Pick, and Philpott, 1955; Gatenby and Lillie, 1960) , which may be produced by an increased demand for this vitamin, by insufficient intake, or by malabsorption.
EXCESSIVE DEMAND FOR FOLIC ACID In every pregnancy the developing foetus makes increasing demands on the maternal stores of folic acid. Baker, Ziffer, Pasher, and Sobotka (1958) were the first to demonstrate high folate levels in foetal blood, even when the mother was folic-acid-deficient. These findings have been confirmed in our laboratory where paired specimens of maternal and cord blood have been examined for their folate content (E. W. Ball, unpublished observations); 25 of these were from normal pregnancies, one from a normal twin pregnancy, and one from a case of megaloblastic anaemia of pregnancy. The results are shown in Figure 6 . Maternal blood levels ranged from 0-9 to 6-2 m,tg. with a mean of 17-1 m,ug. per ml. (S.D. = 9 1). The ratio of mean foetal/mean maternal folate was 4 9/1. These findings suggest that the developing foetus has a high avidity for folic acid.
Twin pregnancies Intense folic acid depletion in women with multiple pregnancies (Chanarin et al., 1959 ) is reflected in a higher incidence of megaloblastic anaemia of pregnancy among twin pregnancies (Girdwood, 1956; Scott, 1957) . In 12 normal twin pregnancies examined in this laboratory the mean folate level was 2-4 m,ug. per ml., compared with 3-4 mpkg. per ml. in a group of normal single pregnancies at the corresponding stage of gestation (Ball and Giles, 1964) . The present series of 1,004 anaemias of pregnancy included 44 twin pregnancies, 24 of which were complicated by megaloblastic anaemia, an incidence of 55 %. This is significantly greater then the incidence in 960 women with single pregnancies, 32 % of whom developed megaloblastic anaemia (P < 0.01).
Haemolytic anaemia and haemorrhage Abnormally active haemopoiesis, as seen in haemolytic anaemia and leukaemia, can lead to folic acid deficiency with or without megaloblastosis. A pregnant woman with haemolytic anaemia is, therefore, specially liable to develop megaloblastic anaemia (Davidson, 1952; Drury and Geoghegan, 1957; Kohler, Meynell, and Cooke, 1960 MALABSORPTION Folic acid absorption was studied in 13 healthy controls, nine normal pregnant women, 11 cases of megaloblastic anaemia of pregnancy, and 10 other cases of folic-acid-deficiency anaemia. The folic acid uptake in the normal pregnancies, with a mean maximum folate of 95 mpg. per ml., was lower than in the normal controls (mean 172 m,ug. per ml.), but significantly lower still (P < 0-01) was the folic acid uptake in megaloblastic anaemia of pregnancy (mean 42 mpg. per ml.) and in the other folic-acid-deficiency anaemias (mean 60 mpg. per ml.) most of which were associated with steatorrhoea. This confirms the findings of Chanarin and his coworkers (1959) . In the present series, nine of 11 patients with megaloblastic anaemia of pregnancy showed a lower folic acid absorption than any of the patients with normal pregnancies. The results in this admittedly small group of cases suggest, therefore, that the absorption of folic acid is impaired in the majority of women who develop megaloblastic anaemia in pregnancy. In order to establish whether this absorption defect is permanent or merely a temporary phenomenon associated with pregnancy, folic acid absorption studies were also carried out in seven women who had been treated for megaloblastic anaemia of pregnancy from one to three years previously and who had not been pregnant in the meantime. In all seven cases the haemoglobin was normal (90 to 109 %), but, as shown in Fig. 7 , folic acid absorption (mean maximum folate 62 m.,g per ml.) was lower than in any of the normal controls.
Fat absorption In an attempt to assess the incidence of general malabsorption, the daily faecal fat output was estimated in 83 patients with megalo- Of particular interest, in this connexion, were six further women with megaloblastic anaemia of pregnancy who relapsed several years later while they were not pregnant (Table VII) ; in three of them the second attack of megaloblastic anaemia was known to be associated with steatorrhoea, in two the faecal fat had not been estimated. In two cases the anaemia developed soon after an attack of pneumonia, in one it followed pleurisy, a fourth had been on prolonged barbiturate therapy, and a fifth was being treated for generalized eczema. Cases of this kind have been described in the past (Callender, 1944; Segerdahl, 1941) (Roberts, 1959 ) and a similar increase in the incidence of blood group A has been described in megaloblastic anaemia of pregnancy (Giles, 1960; Ainley, 1961) . (Scott, 1961; Giles and Brown, 1962) and especially with megaloblastic anaemia (Gatenby and Lillie, 1960; Ainley, 1961) . Table IX shows the incidence of infection in 861 cases of pregnancy anaemia in the present series, which was 9 5 % in megaloblastic anaemia of pregnancy and 58 % in normoblastic anaemias. This is a lower incidence than that reported by other workers, notably Scott (1961) , who found associated infection in 45 % of all cases of pregnancy anaemias. It is also relevant in this connexion that during the last few years numerous cases of abruptio placentae occurred among women who had taken prophylactic folic acid for several weeks before admission and that the overall incidence of ante-partum haemorrhage has remained the same since routine folic acid therapy was instituted.
ANTICONVULSANT DRUG THERAPY Gatenby (1960) found a high incidence of megaloblastic anaemia in pregnant epileptics receiving hydantoin therapy. in the haemoglobin concentration after two weeks, therapy was 16 % (2-4 g. %) in patients with grade 3 megaloblastosis and 11 % (1-6 g. %) in grades 1 and 2. Blood transfusion invariably retarded the haemopoietic response and so did pre-eclamptic toxaemia.
That vitamin B12 has no place in the treatment of megaloblastic anaemia of pregnancy (Pritchard, 1962) is illustrated by five patients who were given vitamin B12 in error at an early stage of the investigation. In two of them there was a suboptimal response, but in the other three the haemoglobin fell while it was being given; one of them was eventually admitted to hospital with a haemoglobin level of 17%. A sixth patient had been diagnosed as having Addisonian anaemia at the age of 31, a diagnosis which was not subsequently confirmed, and received 1,000 ,ug. of vitamin B12 at monthly intervals thereafter. When she had been on this regimen for a year she was admitted to hospital with megaloblastic anaemia of pregnancy and responded promptly to folic acid therapy.
PROPHYLAXIS
Routine folic acid prophylaxis during the last 14 weeks of pregnancy was begun in this hospital in 1958. The initial dosage of 15 mg. daily was subsequently reduced to 5 mg. per day and this is still our current practice. As yet there is no general agreement about the minimum requirements of folic acid in pregnant women. Lowenstein and his coworkers (1955) gave 3 mg. daily, but later (Lowenstein, Brunton, Cooper, Milad, and Hsieh, 1963) reduced it to 500 jig. Herbert (1964) Intestinal malabsorption, which is a known cause of folic acid deficiency, is almost certainly concerned in the pathogenesis of megaloblastic anaemia of pregnancy. Pregnant women generally appear to absorb folic acid less efficiently than non-pregnant subjects; four of nine normal pregnant women examined in this laboratory showed a lower folic acid uptake than the non-pregnant controls. In megaloblastic anaemia of pregnancy, however, the absorption defect appears to be even more marked; abnormally low results were obtained in all the 11 patients whose folic acid absorption was estimated, and in nine of them it was lower than in any of the normal pregnant women. Fat absorption, on the other hand, was diminished in only 18 of 83 cases. This suggests that in most cases malabsorption is confined to folic acid alone, whilst in a proportion of cases it is accompanied by general malabsorption. It might be argued that malabsorption in megaloblastic anaemia of pregnancy is merely a temporary phenomenon due to changes in the intestinal mucosa associated with pregnancy. Yet folic acid absorption was impaired in seven patients who were examined several years after their last attack of megaloblastic anaemia of pregnancy and who showed no evidence of anaemia. Furthermore, six women with megaloblastic anaemia of pregnancy presented many years later with megaloblastic anaemia and folic acid deficiency while they were not pregnant and three of them had steatorrhoea. It would thus appear that the absorption defect is permanent and that all women with such a defect are liable to develop megaloblastic anaemia under a variety of stresses of which pregnancy is only one, whilst malnutrition, infection, blood diseases, and certain drugs may play a similar part. This hypothesis also explains the high relapse rate of megaloblastic anaemia in subsequent pregnancies, which was over 11 % in the present series, and also the blood group A preponderance not only in cases of megaloblastic anaemia of pregnancy but also in other folic-acid-deficiency anaemias.
Other theories have been advanced in the past in order to explain the pathogenesis of megaloblastic anaemia in pregnancy. Badenoch, Callender, Evans, Turnbull, and Witts (1955) postulated a tissue resistance to the action of folic acid, and Scott (1962) discussed the possibility of a block in the metabolism of folic acid initiated by folic acid deficiency. It is, however, difficult to reconcile the existence of a metabolic block with the consistently low levels of both L. casei-active (5-methyl-tetrahydrofolic acid) and Str. faecalis-active ('stable factor') folic acid in the sera of patients with megaloblastic anaemia of pregnancy and related megaloblastic anaemias. A block in the folate metabolism at tissue level would lead to piling-up of folic acid co-enzyme with a raised serum folate level, as described by Herbert and Zalusky (1962) in Addisonian anaemia. Similarly a block in the conversion of folic acid to active coenzyme might be expected to produce a corresponding rise in the Str. faecalis-active folate level of the serum, but in fact, the concentration of both types of folic acid derivatives is invariably low in this type of anaemia. 
